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SECTION 1 — Analytical Chemistry (Total: 50 Marks) 
ANSWER FIVE (35) OF THE FOLLOWING SEVEN (7) QUESTIONS 
Each Question is worth 10 marks in total 


QUESTION 1 


The complex formed between Cu(I) and 1,10-phenanthroline has a molar absorptivity of 
7.000 x 10° L cm! mol! at 435 nm, the wavelength of maximum absorption. 
Calculate 


a) The absorbance of a 6.71 x 10° M solution of the complex when measured in a 1.00 cm 
cell at 435 nm. (2 marks) 


b) The percent transmittance of the solution in part a) (3 marks) 


c) The concentration of a solution of the complex, in a 5.00 cm cell, that has the same 
absorbance as the solution in part a) (2 marks) 


d) The path length through a 3.31 x 10° M solution of the complex that is needed for an 
absorbance that is the same as the solution 1n a). (3 marks) 


QUESTION 2 


a) Annotate the energy-level diagram below to show the energy changes that occur during 
non-radiative relaxation and fluorescence by a molecular species. 
(4 marks) 
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QUESTION 2 continues on the following page 
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QUESTION 2 (Continued) 


b) Calculate the wavelength (in nm) of the photon absorbed when an electron moves from 


(1) Eo -> Ey; (energy difference 1s 2.22 eV) 
(1) Eo -> En; (energy difference is 4.45 eV) 


(4 marks) 
DATA 
Planck's constant = 6.63 x 10°" Js 
The speed of light = 3.00 x 10° ms" 
leV=1.60x 10'J 
c) Briefly explain why the relative number of molecules that fluoresce is small. 
(2 marks) 


QUESTION 3 


The active ingredient in a formulation shows an emission maximum at 465 nm with an 
excitation wavelength of 340 nm. You have been asked to determine the concentration of the 
active ingredient, in the formulation, in units of mg g '. Below is shown the calibration curve 
you prepared, using standard solutions of the active ingredient, with the line and equation of 
best-fit included. 
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Two aqueous unknown samples, 1 and 2, were prepared by dissolving 0.5023 g and 1.0897 g 
of formulation respectively into 100 mL volumetric flasks. The relative intensity values for 
unknown | and 2 were 9.87 and 20.51. 


a) What spectroscopic technique has been used to acquire the data? (1 marks) 


b) Calculate the concentration of the active ingredient in the formulation, in units of mg g", 
using unknown samples | and 2. (5 marks) 


c) Are the results consistent for both unknowns? If not why could this be? What alternate 
procedure needed to be followed and for which unknown sample? (4 marks) 
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QUESTION 4 


a) Explain how the pH of an aqueous solution is measured using a pH meter. Include in your 
answer the principle involved, including: 


1) the overall electrode set up; and 
11) the function of the 10on selective membrane (6 marks) 


b) Describe one example of an ion selective electrode for an ion, other than the H* ion, and 
explain how the electrode works. (4 marks) 


QUESTION 5 


a) Compare and contrast gas chromatography (GC) and high performance liquid 
chromatography (HPLC), including discussion of resolution, analysis time, suitable 


samples and types of detection available. (6 marks) 
b) Internal standards are commonly used in quantitative GC analysis; explain how and why 

they are used. (4 marks) 
QUESTION 6 


Using the conductance values provided, sketch the shape of the conductometric titration 
curves that would result from the following titrations. Write balanced equations for all 
reactions taking place in each titration. No calculations are required — just indicate the trends 
that would be observed for 


a) sodium benzoate (NaCgHsCOO) titrated with hydrochloric acid (3 marks) 

b) silver acetate (AgCH3COO) titrated with lithium chloride (LiCl) (3 marks) 

c) a mixture of acetic acid and hydrochloric acid titrated with ammonium hydroxide 
(NH4OH). (4 marks) 


Ionic molar conductance at infinite dilution in units of Q°' cm’ mol! at 25°C 


J0..(H*) = 350.1 4° (Cl) = 76.4 


J0.,(Nat) = 50.1 4° (CH3COO°) = 40.9 


n°, (Ag*) = 61.9 A9_(C6HsCOO’) = 54.6 


0°, (NHa’) = 73.5 A°_(OH-) = 198.6 
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QUESTION 7 


a) Explain what is meant by the terms column efficiency and column resolution. Draw 
chromatograms to illustrate: 


1) good and bad column efficiency and 
11) good and bad column resolution for the separation of two compounds. 
(4 marks) 


b) Given that a column of length 25 cm was used to obtain the GC chromatogram shown 
below, and that an unretained species passes through the column in 1.50 minutes, calculate 


1) the column resolution 
11) the number of theoretical plates 
111) the height of the theoretical plate 
iv) the length of the column required to achieve a resolution of 1.50. 
(6 marks) 
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SECTION 2 — Environmental Chemistry (Total 50 Marks) 


ALL STUDENTS IN THE ENVIRONMENTAL STREAM MUST 
COMPLETE THIS SECTION 


ANSWER FIVE (5) OF THE FOLLOWING SIX (6) QUESTIONS 


Each Question is worth 10 marks in total 


QUESTION 8 


Consider the reaction between nitric oxide and ozone: 
NO + 03 — NO? + O2 
The rate law for this process is 
Rate = k [NO][O3] 
Rate constants can also be determined using the Arrhenius equation 
= Ae-E/RT 


a) Calculated the rate of the reaction between NO and O3 at -30°C using the value 
determined for k as 1.0 x 10°" molecules’ cm’ s", assuming NO and O3; concentrations of 
5.0 x 10° and 5.0 x 10’” molecules cm” respectively. (3 marks) 


b) Determine the rate constant at an atmospheric temperature of at -5O°C given then pre- 
exponential term is 1.8 x 10'* molecules’! cm’ sec’! and the activation energy is 10.4 kJ 
mol". (4 marks) 


c) Has the rate of reaction in (b) increased or decreased when compared to (a)? = (1 mark) 


d) At what altitude range is the ozone layer (express in km from the earth’s surface) and what 


is this atmospheric layer called? (2 marks) 
QUESTION 9 
a) Name the two main pollutants that give rise to acid rain. (1 mark) 
b) Explain why CO, pollution does not produce rain that is as acidic as that formed by the 
substances you listed above. (2 marks) 
c) World health organization stipulates an upper limit of 90 ppb of ozone in air. Express this 
concentration in ug/m”. (2 marks) 
d) What conditions must be fulfilled to generate photochemical smog. (3 marks) 


e) Explain why the mountains that surround cities such as Sao Paolo and Denver promote the 
formation of photochemical smog. (2 marks) 
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QUESTION 10 


a) The Henry’s law constant for O2 in water at 25°C is 1.30 x 10° mol L Pa’. Calculate 
the concentration of dissolved O> in (i) mol L™ and (ii) parts per million (ppm) at this 
temperature. Atmospheric pressure is 1.01 x 10° Pa. 


Note: The mole fraction of oxygen in air is 0.21. (5 marks) 
b) What is the minimum dissolved oxygen concentration required to sustain aquatic life? 
(J mark) 


c) Consider a body of water in equilibrium with solid CaSO4, where K,,=3.0 10° at 25°C. 
Calculate the solubility of CaSO, in water assuming that all other reactions are negligible. 


(4 marks) 


QUESTION 11 


The stratification of a lake in summer shows both aerobic and anaerobic conditions. 
a) Name 3 compounds that form the major elements in warm water. (2 marks) 
b) Name 3 compounds that form the major elements in cold water. (2 marks) 


c) Determine the balanced redox reaction for the oxidation of ammonia to nitrate 1on by O» 
in alkaline solution. Does this reaction make the water more acidic or less? (3 marks) 


d) Calculate the hardness index in mg/l of CaCO3 for a 400 ml sample of water that contains 
0.0040g of calcium ion and 0.0012g of magnesium ion? (3 marks) 


QUESTION 12 


a) What was the rationale behind the use of traditional pesticides? (2 marks) 


b) DDT has the structure shown below. It 1s commonly metabolized in animal species to the 
related compound DDE. 


Cl ie Cl 
Cl | | Cl 
Structure of DDT 
1) Draw the structure of the metabolite DDE. (2 marks) 
11) With respect to its polarity, explain why DDE takes a long time to be removed from the 
body. (2 marks) 
c) What does the term LDso stand for? (J mark) 


d) Predict the concentration of hexachlorobenzene (HCB) in fish, due to bioconcentration, 
that swim in waters containing 1.0 x 10° ppm of the chemical. [log Kow = 5.3 for HCB] 


(3 marks) 
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QUESTION 13 


a) What are the 3 types of chemicals that produce the detrimental effects on long-term human 
health? (3 marks) 


b) Considering that a methyl group is approximately the same size as a chlorine atom and a 
hydrogen atom 1s significantly smaller than both these groups. Would you expect 
insecticidal activity/properties for DDT analogs in which (a) the —CCl; group is replaced 


by —C(CHs3)3, and (b) the para-chlorines are replaced by hydrogens? (2 marks) 
c) Name two pesticides on the POP list. (1 mark) 
d) What is the difference between bioaccumulation and biomagnification? (2 marks) 


e) Another molecule with DDT-like actions 1s DDD (para-dichlorodiphenyldichloroethane). 
Draw the structure of DDD. (2 marks) 
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SECTION 3 — Pharmacy stream (Total 50 Marks) 


ALL STUDENTS IN THE PHARMACY STREAM MUST 
COMPLETE THIS SECTION 


ANSWER ALL OF THE FOLLOWING SIX (6) QUESTIONS 


Note: NMR and IR data tables can be found at the end of the exam paper 


QUESTION 14 (1S marks) 


Determine the structure of the compound C,;H,403 with the YW NMR, '5C NMR and infrared 
spectra provided. 
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QUESTION 15 (4 marks) 


Predict the expected: 
a) number of signals in the °C NMR spectrum of 4,4-difluoro-2-methoxypentane, 


b) number and multiplicity of signals in the 'H NMR of 4,4-difluoro-2-methoxypentane 


FA 
FF O 


QUESTION 16 (3 marks) 


How could you differentiate between the following compounds, A and B, using IR 
spectroscopy? List three (3) expected differences. 


O O 


QUESTION 17 (10 marks) 


Given the mass spectrum for the compound shown, answer the following questions. 
a) Why are there peaks at both 178 and 180 in the mass spectrum? 


b) Assign the peaks/peak pairs at 45, 99 and 133 in the mass spectrum to fragments from 
ethyl 2-bromoacrylate. 


c) Show the mechanism for the formation of the peaks at 99 and 133/135. 
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Chemical Formula: C5;5H7BrO, 
Molecular Weight: 179.0 
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QUESTION 18 (9 marks) 


It is normal practice to buffer solutions used in capillary electrophoresis when analysing 
impurity profiles. Using hyoscine as an example, predict the effects of changing pH from 5.5 
to 9.5 on the separation of hyoscine from similar impurities. 


Ka 7.5 
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pKa = pH + logio ({BH ]/[B]) 


QUESTION 19 (6 marks) 
a) What two types of information are specified in the British Pharmacopeia substance 


monographs? 


b) If a monograph specified that a sulphated ash test is required, how would you go about 
performing the analysis and what would you be measuring? 


Se Se Se ee Se Se ed Se Se ee i ee eS i i i ee i i eS i 


DATA TABLES AND THE PERIODIC TABLE ARE ON PAGES 12-15 AND MAY BE 
DETACHED. 


Please remember - This examination question paper MUST BE HANDED IN. Failure to do 
so may result in the cancellation of all marks for this examination. 


Writing your name and number on the front will help us confirm that your paper has been 
returned. 


1] 


Position 
(cm"') 


3550-3200 


3400-3250 


3300 
3100-3000 


3000-2850 


2830-2700 


2260-2200 


2150-2100 


1820-1650 


|660—1 640 


|600—1450 


1550 and 1380 


| 300—1000 


900-675 
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Table 1. Typical IR absorption bands 


Group 
oem ae! | 
| 
NH 
=C—H 
| 
=C—H 
| 
—( 
| 
I 
—C—H 
—C=N 
O 
| 
—C— 
a 
oN 
—NO, 
| 


Comments 
Strong intensity, very broad band 
Weaker intensity and less broad than O—H; NH, 


shows two bands, NH shows one 


Sharp, C is sp hybridized 
C is sp? hybridized 
C is sp? hybridized; 3000 cm™! is a convenient dividing 


line between this type of C—H bond and the preceding 
type 


Two bands 


Medium intensity 


Weak intensity 


Strong intensity, exact position depends on substituents; 
see Table |3.| 


Often weak intensity 


Four bands of variable intensity 


Two strong intensity bands 


Strong intensity 


Strong intensity 
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Table 2. Typical 'H NMR Chemical shift values (+ 0.5 ppm) 


(CH and CH) values are similar to CH; values quoted) 


Type of Chemical 
Hydrogen Shift (5) 


— CCH. 0.9 
C=C—CH, 1.6 
C—C—H 1.8 
N—H l-3 


O—H 2-5 
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Table 3. Typical °C NMR chemical shift values 


Carbon Type Chemical Shift (ppm) 


28 - 50 


CHOR 50 - 75 


165 - 185 


190 - 200 
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Group 1 


Group 2 


Group 4 


e The systematic names and symbols for elements 
greater than 112 will be used until the approval 
of trivial names by the IUPAC. 


Periodic Table of the Elements 


Group 5 


Group 6 


Group 7 


Group 8 


Group 9 


Group 13 


Group 10 Group 11 Group 12 26.981 5386 


81 
Tl 
Thallium 
204.3833 


In 
Indium 
114.818 


Group 18 
2 
He 
Helium 
Group 14 Group 15 Group 16 Group 17 4.002 60 
enn) | ee a = H 
es, 8 10 
N Oo 


118.710 
82 83 84 86 
Pb Bi Po Rn 
Lead Bismuth Polonium Radon 
207.2 208.980 40 (209) (222) 
114 116 
Uug* Uuh* 
Ununquadium Ununhexium 
(289) (292) 


The atomic masses listed in this table reflect the precision of current measurements. (Each value listed in 
parentheses is the mass number of that radioactive element's most stable or most common isotope.) 
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